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Since California’s Compassionate Use Act of 1996, cannabis has been legally available — under state but not federal law — to those with medical per-
mission. Until 2018, however, no statewide regulations 
governed the production, manufacturing and sale of 
cannabis. Prior to development and enforcement of 
statewide regulations, there were no testing require-
ments for chemicals used during cannabis cultivation 
and processing, including pesticides, fertilizers or 
solvents (Lindsey 2012; Stone 2014). Residues were 
common in the legal cannabis supply — a 2017 inves-
tigation found that 93% of 44 samples collected from 
15 cannabis retailers in California contained pesticide 
residues (Grover and Glasser 2017). Some studies of 
data from the unregulated period suggest a relationship 
between cannabis consumption and exposure to heavy 
metals (Moir et al. 2008; Singani and Ahmadi 2012), 
while others demonstrate that potentially harmful mi-
croorganisms may colonize cannabis flowers (McLaren 
et al. 2008; McPartland 2002; McPartland and McKer-
nan 2017; Ruchlemer et al. 2014). A 2017 study raised 
concerns that in immunocompromised patients, use of 
cannabis contaminated with pathogens may directly 
affect the respiratory system, especially when cannabis 
products are inhaled (Thompson et al. 2017). 
RESEARCH ARTICLE
Costs of mandatory cannabis testing 
in California
California’s safety standards for cannabis — compared to standards in other states and 
to standards for food products in California — are tight.
by Pablo Valdes-Donoso, Daniel A. Sumner and Robin S. Goldstein
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Abstract
Every batch of cannabis sold legally in California must be tested for more 
than 100 contaminants. These contaminants include 66 pesticides, for 21 
of which the state’s tolerance is zero. For many other substances, tolerance 
levels are much lower than those allowed for food products in California. 
This article reviews the state’s testing regulations in context, including 
maximum allowable tolerance levels — and uses primary data collected 
from California’s major cannabis testing laboratories and several cannabis 
testing equipment manufacturers, as well as a variety of expert opinions, 
to estimate the cost per pound of testing under the state’s framework. 
We also estimate the cost of collecting samples, which depends on the 
distance between cannabis distributors and laboratories. We find that, if a 
batch fails mandatory tests, the value of cannabis that must be destroyed 
accounts for a large share of total testing costs — more than the cost of 
the tests that laboratories perform. Findings from this article will help 
readers understand the effects of California’s testing regime on the price 
of legal cannabis in the state — and understand how testing may add 
value to products that have passed a series of tests that aim to validate 
their safety.
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Testing cannabis for 
contaminants such 
as chemicals and 
pathogens is expensive. 
The lost value of 
cannabis that fails 
tests to enter the legal 
retail market accounts 
for a large share of 
testing costs.
The currently prevailing statutes governing can-
nabis testing are contained in Senate Bill 94, the 
Medicinal and Adult-Use Cannabis Regulation and 
Safety Act (MAUCRSA) of 2017 — which brought to-
gether all of California’s previous cannabis legislation, 
including Proposition 64, the Adult Use of Marijuana 
Act of 2016 (AUMA). Since MAUCRSA, state agen-
cies have propagated regulations for both medical use 
and adult use (that is, use for nonmedical purposes). 
MAUCRSA amends various sections of the California 
Business and Professions Code, Health and Safety 
Code, Food and Agricultural Code, Revenue and 
Taxation Code and Water Code, and introduces a new 
statewide structure for the governance of the cannabis 
industry — as well as a system by which the state may 
collect licensing and enforcement fees and penalties 
from cannabis businesses. A significant portion of 
MAUCRSA is comprised of testing rules that aim to 
certify cannabis safety (Bureau of Cannabis Control 
2018a).
These rules, however, may increase the produc-
tion cost and therefore the retail price of tested can-
nabis, thereby reducing demand for legal cannabis in 
California. Thus it is important to understand the costs 
of cannabis testing relative to the value of generating 
a safer product. This article evaluates the challenges of 
safety testing regulations for cannabis in California.
We first review maximum allowable tolerance levels 
— that is, the amount of contaminants permitted in a 
sample — under the state’s cannabis testing regulations 
and compare them with tolerance levels for other food 
and agricultural products in produced in California. 
We then briefly compare testing regimes and rejection 
rates in other states where medical and recreational 
use is permitted. Finally, we use primary data from 
California’s major cannabis testing laboratories and 
from several cannabis testing equipment manufactur-
ers, as well as a variety of expert opinions, to estimate 
the cost per pound of testing under the state’s frame-
work for the cannabis business (taking into account the 
geographical configuration of the industry). We con-
clude by discussing implications of this research and 
potential regulatory changes.
Tests for contaminants and potency
Since July 1, 2018, all cannabis products have been 
required to pass several tests before they can be sold 
legally in California. The specific test for each batch of 
cannabis depends on product type. Types include (a) 
dried flowers (sometimes in “pre-rolled,” consumer-
ready form), (b) edibles (for example cookies, gummy 
bears and beverages), (c) vape-pen cartridges contain-
ing cannabis oil and (d) a wide variety of other pro-
cessed cannabis goods, including tinctures, topicals 
(such as lotions, lip balms and creams) and cannabis in 
crystallized, wax or solid hashish form.
In order to enter the market legally, all these prod-
ucts must be tested for cannabinoids and a large variety 
of contaminants. Table 1 shows the substances mea-
sured in each test (for example, cannabinoids or pesti-
cides), provides a description of each test and specifies 
TABLE 1. Summary of mandatory testing per batch type and criteria used to pass tests
Test conducted for Test description 
Batches tested 
(products) Criteria required to pass
Cannabinoids Measures concentration of THC, THCA, CBD, CBDA, 
CBG and CBN 
All Concentration of any cannabinoid must be within +/- 
10% of the labeled value
Foreign material Determines presence of foreign material (hair, 
insects, feces, packaging contaminants and 
manufacturing waste)
All ≤ ¼ of sample area covered by sand, soil, cinders, dirt, 
mold or any imbedded foreign material. ≤ 1 insect 
fragment, rodent hair or fragment of mammalian 
excreta per 3 g
Pesticides Confirms absence of 21 and limited presence of 45 
pesticide residues
All Levels of specific contaminants below action levels 
(see table 3)
Heavy metals Confirms limited presence of 4 heavy metals All Levels of specific contaminants below action levels 
(see table 3)
Mycotoxins Screens for Aflatoxin B1, B2, G1 and G2, and 
Ochratoxin A
All Aflatoxin B1, B2, G1 and G2, and Ochratoxin A < 20 
parts per million
Microbial impurities Screens for Shiga toxin —Escherichia coli, 
Salmonella spp. and pathogenic Aspergillus species 
All* Shiga toxin and Salmonella spp., and Aspergillus 
species (A. fumigatus, flavus, niger and terreus) 
undetected in 1g
Moisture content and 
water activity 
Measures moisture content and water activity (Aw) 
according to type of product
Flowers, processed solid 
and semi-solid products
Aw < 0.65 for dried flowers or < 0.85 for solid and 
semi-solid edible products; lab must report moisture 
content
Solvents and 
processing chemicals 
Confirms absence of 6 and limited presence of 14 
solvent and processing chemical residues
Manufactured cannabis 
products or pre-rolled 
cannabis
Levels of specific contaminants below action levels 
(see table 2)
Terpenoids Determines if sample conforms to the labeled 
content of terpenoids 
All labeled products Concentration of terpenoids must be within +/- 10% 
of the labeled value
Source: Bureau of Cannabis Control 2018a.
* Screening of Aspergillus species only in inhalable cannabis or inhalable cannabis products.
 http://calag.ucanr.edu • JULY–DECEMBER 2019 155
the products to which the test applies and the criteria 
for passing the test. Most tests, such as those for po-
tency, presence of foreign materials, pesticides, heavy 
metals, mycotoxins, microbial impurities and terpe-
noids, apply to all batches. Moisture tests, however, 
apply only to flowers and solid or semi-solid products 
— while tests for solvents or processing chemicals ap-
ply only to processed or “manufactured” products. That 
is, the specifics of each test depend on which cannabis 
product is tested. 
Independent, licensed testing laboratories are 
responsible for receiving samples for testing from li-
censed distributors. The laboratories then conduct a 
full set of analyses, following the criteria established by 
MAUCRSA and specified by regulations. Laboratories 
must deliver to distributors a certificate of analysis in-
dicating the results (pass or fail) of each analytical test. 
A batch must pass all required tests before it can be 
released to retailers.
Table 2 shows a list of residual solvents and process-
ing chemicals, with the maximum permitted tolerance 
(action) levels for legal cannabis. Tests evaluate two 
groups of solvents and processing chemicals (categories 
I and II), with a very low tolerance established (1.0 mi-
crogram per gram) for those in category I. 
Table 3 shows tolerance levels for pesticide residues 
and heavy metals. The maximum permitted tolerance 
levels for pesticide residues are particularly tight when 
compared with tolerance levels for other agricultural 
products in California. For many pesticides, the maxi-
mum residual level is zero, meaning that very stringent 
tests are required and that no trace of the chemical 
may be found. Among pesticides with allowable limits 
above zero, the tolerance levels for inhalable products 
are particularly low. In some cases, tolerance levels for 
TABLE 2. Tolerance levels for residual solvent and 
processing chemicals in cannabis products in California
Solvent and processing chemicals
Tolerance levels 
(microgram per 
gram)
1,2-dichloroethane, benzene, 
chloroform, ethylene 
oxide, methylene chloride, 
trichloroethylene*
1
Acetone 5,000
Acetonitrile 410
Butane, ethanol, ethyl acetate, ethyl 
ether, heptane
5,000
Hexane 290
Isopropyl alcohol 5,000
Methanol 3,000
Pentane, propane 5,000
Toluene 890
Total xylenes (ortho-, meta-, para-) 2,170
Source: Bureau of Cannabis Control 2018a.
* This group of residual solvents is categorized as I, while the remaining residual 
solvents are categorized as II.
TABLE 3. Tolerance levels for pesticide residues and heavy metals in cannabis and 
cannabis products in California
Pesticide
Tolerance Level (μg/g)
Inhalable Other
Aldicarb, carbofuran, chlordane, chlorfenapyr, chlorpyrifos, 
coumaphos, daminozide, dichlorvos (DDVP), dimethoate, 
ethoprop(hos), etofenprox, fenoxycarb, fipronil, imazalil, 
methiocarb, methyl parathion, mevinphos, paclobutrazol, 
propoxur, spiroxamine, thiacloprid*
0 0
Acephate, acetamiprid, bifenazate 0.1 5
Abamectin 0.1 0.3
Acequinocyl 0.1 4
Azoxystrobin 0.1 40
Bifenthrin 3 0.5
Boscalid 0.1 10
Captan 0.7 5
Carbaryl 0.5 0.5
Chlorantraniliprole 10 40
Clofentezine 0.1 0.5
Cyfluthrin 2 1
Cypermethrin 1 1
Diazinon 0.1 0.2
Dimethomorph 2 20
Etoxazole 0.1 1.5
Fenhexamid 0.1 10
Fenpyroximate, flonicamid, hexythiazox 0.1 2
Fludioxonil 0.1 30
Imidacloprid 5 3
Kresoxim-methyl 0.1 1
Malathion 0.5 5
Metalaxyl 2 15
Methomyl 1 0.1
Myclobutanil 0.1 9
Naled 0.1 0.5
Oxamyl 0.5 0.2
Pentachloronitrobenzene 0.1 0.2
Permethrin 0.5 20
Phosmet 0.1 0.2
Piperonylbutoxide 3 8
Prallethrin 0.1 0.4
Propiconazole 0.1 20
Pyrethrins 0.5 1
Pyridaben, spinetoram, spinosad 0.1 3
Spiromesifen 0.1 12
Spirotetramat 0.1 13
Tebuconazole 0.1 2
Thiamethoxam 5 4.5
Trifloxystrobin 0.1 30
Heavy metals
Cadmium 0.2 0.5
Lead 0.5 0.5
Arsenic 0.2 1.5
Mercury 0.1 3
Source: Bureau of Cannabis Control 2018a.
* Pesticides for which zero residue is allowed are categorized as I, while those for which a limited amount is allowed are 
categorized as II.
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inhalable products are one-four-hundredth the levels 
for other products.
To help interpret the cannabis tolerances, it is help-
ful to consider them in the context of food safety test-
ing. The top row of table 4 shows, based on more than 
7,000 samples, the percentage of California food prod-
ucts in which, from 2015 to 2017, any pesticide residues 
were detected (California Department of Pesticide 
Regulation 2018). These percentages were above 60%. 
The second row of table 4 shows that, despite the high 
share of food products in which some pesticide residue 
was detectable, only 1.51% of samples in 2016 contained 
pesticide residue above tolerance levels set by the U.S. 
Environmental Protection Agency (EPA) — and only 
0.45% exceeded those levels in 2017. The bottom panels 
of table 4 show that, of the 7,000 samples tested, more 
than 12% of 2017 samples would have been above 
California’s product tolerance limits for inhalable can-
nabis. More than 3% of the 2017 samples would have 
exceeded even the less stringent tolerance levels estab-
lished for other (non-inhalable) cannabis products. As 
shown in table 4, similar results apply to the samples 
for the other two years.
Costs of cannabis testing 
In California’s licensed, legal cannabis channel, all 
products must be held by a licensed distributor while 
they are tested in an independent, licensed laboratory. 
Licensed testing laboratories do not publish their prices 
and the costs of testing services are not generally avail-
able. Testing prices depend on the number of samples 
to be tested, the type of product tested and the specifics 
of the contract between the distributor and the labora-
tory, among other factors. 
We collected detailed data to construct in-depth es-
timates of the capital, fixed and variable costs required 
to run a licensed testing laboratory in California. This 
information included the costs of equipment, facilities, 
maintenance, supplies, technical and non-technical 
labor, taxes and other inputs. We gathered data from 
established cannabis testing companies (those that have 
been in business for several years), new cannabis test-
ing companies, laboratories that test other agricultural 
products, and other industry sources, including advi-
sors of the cannabis industry and cannabis retailers.
We collected prices for testing equipment, supplies, 
chemical reagents and other cannabis testing inputs 
by contacting the sales representatives of large equip-
ment supply companies (Aligent Technologies Inc., 
Schimadzu Scientific Instruments Inc., and VWR). We 
considered the costs of sampling and transportation to 
and from test facilities, adjusting those costs estimates 
according to the geographical configuration of testing 
laboratories and distributors across the state. 
Finally, we used data from the California 
Department of Pesticide Regulation (see table 4) and 
some assumptions based on experience in other states 
to estimate the share of cannabis that fails testing and 
therefore the lost inventory due to failed tests. To make 
these cost calculations we accounted for inventory that 
first fails testing, but then is remediated. In addition, 
to understand the opportunity cost of cannabis used 
in the tests or lost in the process, we use data from 
wholesale prices and a survey of retail cannabis prices 
conducted by the University of California Agricultural 
Issues Center (Goldstein et al., unpublished data).
Based on this information, we developed a cost 
per unit of cannabis tested for representative labs of 
three different sizes to approximate the distribution of 
costs in the industry. For simplicity, we assumed that 
testing labs of different sizes use the same inputs, but 
in different proportions, to provide testing services. 
We assume economies of scale with higher share of 
capital costs per unit of output for the smaller labs. We 
used information reported by the Bureau of Cannabis 
Control in the first half of 2018 to compile a list of can-
nabis licensed testing laboratories and distributors in 
California (Bureau of Cannabis Control 2018b).
We used information on the geographic location of 
testing labs relative to cannabis production and con-
sumption to assess the cost of transporting samples 
from distributors to testing labs. In March 2019, there 
were 49 active testing licensees and 1,213 licensed 
distributors. Both testing licensees and distributors 
are located in many areas across the state, but they are 
concentrated in traditional cannabis production areas 
in the North Coast region of California and in large 
population centers. 
 Table 5 shows capacities, annualized capital costs, 
and other annual expenses for three size categories 
of testing labs: small, medium and large. The size cat-
egories are based on the number of samples analyzed 
annually (2,200, 6,190 and 23,160, respectively) and 
were chosen to represent typical firms, based on our 
discussions with the industry. We assume about 25% 
of labs are small, 25% are large and the remaining half 
are in the medium category. By regulation, these labs 
test only cannabis. The annualized cost of specific test-
ing equipment and other general laboratory equipment 
is a significant share of total annual costs. The cost of 
equipment and installation is about $1.5 million for 
TABLE 4. Percentage of California food product samples indicating any detection of 
pesticide residues, above EPA tolerance levels, and percentage above tolerance levels 
for cannabis products (2015–2017)
Food product 2015 2016 2017
With any detection of pesticide residues* 60.35% 60.06% 61.46%
With pesticide residues above EPA tolerance levels* 0.32% 1.51% 0.45%
 
Food that would have exceeded cannabis tolerance levels
Using criteria for inhalable cannabis products 12.86% 13.44% 12.79%
Using criteria for other cannabis products 4.07% 3.62% 3.90%
* Sources: California Department of Pesticide Regulation 2018, and Bureau of Cannabis Control 2018a.
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a small lab, about $2.4 million for a medium lab and 
about $3.8 for a large lab. These costs are expressed as 
annual flows in table 5. To account for the annual cost 
of investment in equipment we use a discount rate of 
7.5% per year that reflects the combined effects of de-
preciation and interest over a 10-year horizon, using 
the standard equivalent annual cost formula, typically 
used in budgeting studies:
Annual Cost = (0.075)K/(1 − (1.075)−10) where K is 
the invested capital for each of the three testing labor 
sizes. These annualized costs of the invested capital for 
each size of testing lab operations are shown in the top 
row of table 5. 
Our survey and discussions with laboratories pro-
vide the rest of the estimated costs. Equipment mainte-
nance costs, rent, utilities and labor also are large cost 
categories. Each of these costs is less than proportional 
to the number of samples tested and thus contributes 
to economies of scale. This cost of consumable supplies 
is calculated on a per sample basis and thus is propor-
tional to the number of samples tested. Finally, the re-
turn to risk and profit is estimated as 15% of the sum of 
the foregoing expenditures. Our estimated total annual 
costs are about $1.6 million for small labs, $3.3 million 
for medium labs and $7.0 million for large labs. 
The scale advantage of larger testing labs is reflected 
in the testing cost per sample: $324 for large labs, com-
pared with $562 for medium labs and $750 for small 
labs. These cost differences arise from economies in 
scale in the use of laboratory space, equipment and la-
bor. Each large testing lab processes about 10 times the 
number of samples as a small lab but has annualized 
operating costs only about five times those of a typical 
small testing lab. That means that small-scale labs tend 
to specialize in servicing more remote cultivators or 
manufacturers that have products handled by smaller 
and more remote distributors located at a cost-prohibi-
tive distance from large labs. 
We used data on the annual testing capacities of 
small, medium and large labs and our assumption 
about the number labs of each size to calculate the 
share of testing done by labs of each size category. We 
expect that small labs will test about 6% of all legal can-
nabis in the state by volume, medium-sized labs will 
test about 33% of legal cannabis, and large labs will test 
61% of legal cannabis. Using these shares, the weighted 
average cost per sample tested is about $428. 
Let us now turn from the cost per batch tested to the 
cost per pound of cannabis marketed. The per pound 
costs of laboratory testing depends on the number of 
pounds tested in each test. Therefore, we must consider 
batch size. Regulations have set a maximum batch size 
of 50 pounds of cannabis flowers (or 150,000 units for 
processed cannabis products). We expect that the batch 
size will differ within this constraint depending on the 
product type and origin and size of the cultivator and 
manufacturer and explore implications of batch size 
differences. Using the weighted average cost per sample 
of $428, the testing cost for a small batch of 5 pounds 
is $85.60, while for the largest-allowed batch size of 50 
pounds, the cost is just $8.56 per pound. 
Next, we turn to several costs not included in the 
cost of testing a sample in the lab (these costs are in-
cluded in table 6). First and most straight forward is the 
cost of compliance with security measured including 
video surveillance and archival, disposal and quar-
antine, and other compliance costs that we estimated 
were equivalent to $4.88 per pound for small labs, $4.06 
per pound for large labs and $3.25 per pound for large 
labs for a weighted average of $3.62 per pound. 
The cost of testing requirements on a retail cost ba-
sis is best expressed as the full cost per unit of cannabis 
that reaches the market. Expressing the full cost in this 
way raises two additional costs. 
The first is simple: the value of the cannabis used 
up in the testing procedure. Based on MAUCRSA, the 
sample size must be at least 0.35% of the total batch of 
cannabis tested. We use an average wholesale value of 
$1,360 per pound of cannabis flower equivalent at the 
testing stage, which represents a recent weighted aver-
age price across outdoor grown, greenhouse grown and 
indoor grown cannabis and products (Sumner et al. 
2018). Thus, for each pound of cannabis tested, flower 
worth $4.76 is used up.
The second issue, costs associated with a failure to 
pass the test, is more complex. These costs include the 
cost of the testing process as well as the (much greater) 
TABLE 5. Itemized costs and costs per sample by laboratory scale of operation
Item Small Medium Large
Mean no. of effective samples analyzed year 2,200* 6,190† 23,160‡
Annual operating costs ($ thousands)
 Capital investment, interest plus depreciation§ $215.23 $348.30 $556.05
 Equipment maintenance and acquisition and 
maintenance of ISO/IEC-17025 
$232.47 $371.76 $593.92
 Rent and basic utilities costs $168.46 $200.22 $226.61
 Sales, general and administrative costs $70.58 $92.05 $118.42
 License fees $20.00 $45.00 $90.00
 Labor $422.63 $1,158.43 $1,976.75
Consumable costs $239.77 $674.92 $2,525.77
Return to risk and profit (15%) $205.38 $433.61 $913.15
Total for the laboratory $1,574.52 $3,324.27 $7,000.67
Costs per sample tested
Average cost per sample of cannabis within lab 
testing
$716 $537 $302
Cost of collection, transport and handling $34 $25 $22
Average cost per sample of testing $750 $562 $324
Source: Author survey and calculations.
* Assumes that a firm operates 250 days per year, 8 hours per day, and that machinery runs 55% of the hours per year. Also, 
assumes that 80% of the attempted tests are successfully completed.
† Assumes that a firm operates 260 days per year, 8 hours per day, and that machinery runs 70% of the hours per year. Also, 
assumes that 85% of the attempted tests are successfully completed.
‡ Assumes that a firm operates 290 days per year, 14 hours per day, and that machinery runs 80% of the hours per year. Also, 
assumes that 95% of the attempted tests are successfully completed.
§ Annual payment flow uses a 7.5% discount rate and a 10-year investment horizon.
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cost of the cannabis that must be destroyed when it is 
considered unacceptable to be marketed by virtue of a 
failed test. 
Stringent maximums for pesticides, microbials and 
other contamination mean that there will be a signifi-
cant chance that a sample is rejected. In some cases, the 
owner will attempt to remediate or process that batch, 
intending to eliminate the cause of the non-passing the 
test. A batch can be remediated up to two times. If a 
batch fails its testing after its second remediation, regu-
lations mandate that that batch must be destroyed in a 
verifiable way. This is a major cost of the testing regime 
required by California legislation and regulation. 
To estimate the cost of such rejections, we used a 
range of potential rejection rates, drawing from infor-
mation that was available on contamination of can-
nabis in other states. However, the experience of other 
states is of limited value and must be adjusted based on 
information from industry sources. 
Washington state mandates tests on potency, mois-
ture, foreign matter, microbiological and mycotoxin 
screening, residual solvent and heavy metals, but, un-
like in California, testing on pesticide residues is not 
mandatory (Washington Administrative Code 2018). 
Washington state enforcement is based on spot checks. 
Based on Washington state data, we found that in 2017, 
the second year after the testing began, 8% of the total 
samples submitted failed one or more tests. 
Colorado state mandates tests on residual sol-
vents, microbial, mycotoxins, heavy metals, pesticides 
and potency. The Colorado Marijuana Enforcement 
Division reported that during the first six months 
of 2018, 8.9% of total samples of adult-use cannabis 
failed testing (Colorado Department of Revenue 2018). 
Testing on pesticide residues only became manda-
tory in August of 2018 in Colorado, so systematic 
data on test results were not available. However, the 
Department of Agriculture in Colorado informed 
us that 60% of spot-checks based on complaints or 
concerns between 2015 and 2017 found pesticide 
residues (Michael Rigirozzi, Colorado Department of 
Agriculture, personal communication).
Given the cost of cannabis that must be destroyed in 
case of failed tests, cultivators and manufacturers may 
pre-test to decrease the chances of failing official tests. 
For our cost analysis, we assume that 25% of cannabis 
is pre-tested before being submitted for the formal and 
binding tests. To express costs in terms of the pounds 
of cannabis legally marketed, and account for pre-
testing and pounds lost because of testing, we need to 
express the ratio of pounds tested to pounds that pass 
testing. The following equation expresses that ratio 
tested to passed: 
Ratio of tested to passed =  
[1+ pretest% + (fail%) × (retest%)] / 
[1 − (fail% − (fail%) × (retest%) × (fail% of retests)] 
Into this equation we put assumptions for the pre-
test, fail and retest rates based on our best assessments 
after interviewing testing labs and analyzing data from 
other states. We set the pretest share at 25%, the retest 
share of failed samples at 50% and the failure rate of re-
tested samples at 50%. We explore costs associated with 
three initial failure rates — 7%, 12.5% and 25% — to re-
flect the range of information we gathered. With these 
inputs to the equation, the ratio of tested cannabis to 
passed cannabis is 1.365 if the initial failure rate is 7%, 
1.448 if the initial failure rate is 12.5% and 1.692 if the 
initial failure rate is 25%. These factors must be multi-
plied by all the costs per pound tested to calculate the 
cost per pound of cannabis actually marketed.
Table 6 reports, in three components, the costs per 
pound of cannabis marketed: (1) the cost of laboratory 
testing, (2) the value of lost inventory (opportunity 
cost of cannabis rejected) and (3) the relatively small 
cost of remediating failed batches. For small batch 
sizes, laboratory testing costs are an important test-
ing cost, especially when the rejection rate is low. For a 
50-pound batch size, laboratory costs are a small share 
of overall costs, especially as rejection rates rise. In the 
medium case of a 25-pound batch and a 12.5% rejection 
rate, which might be fairly typical, lab costs are $30 
per pound and the cost of cannabis lost in the testing 
process is $148, so laboratory testing represents only 
one-sixth the total cost of complying with laws and 
regulations regarding mandatory testing. In this case, 
the total cost of testing, including the loss of the poten-
tial value of marketable cannabis, is $179 per pound, or 
about 13% of the wholesale value of cannabis assumed 
in this research. 
Legal versus illegal
The costs of establishing and operating a cannabis test-
ing facility that meets California’s mandates are largely 
accounted for by investment in precise equipment, 
the cost of highly skilled labor and costs of materials. 
TABLE 6. Itemized costs of testing under different rejection-rate and batch-size 
assumptions
Rejection 
rate* Batch size
Laboratory 
cost* Cannabis lost
Remediation 
cost Total
(Pounds) ($/pound) ($/pound) ($/pound) ($/pound)
7.0% 5 $121 $83 $1 $204
7.0% 25 $28 $82 $1 $111
7.0% 50 $17 $82 $1 $99
12.5% 5 $129 $148 $1 $278
12.5% 25 $30 $148 $1 $179
12.5% 50 $18 $148 $1 $167
25.0% 5 $151 $322 $3 $476
25.0% 25 $35 $322 $3 $360
25.0% 50 $21 $322 $3 $346
Source: Author survey and calculations. Note: totals may not reflect sums of rows due to rounding.
* For laboratory costs, in addition to those listed in table 5, laboratories have compliance costs for surveillance, disposal and 
other activities that are applied per pound tested. These costs are $4.88 for small labs, $4.06 for medium-size labs and $3.25 
for large labs. The weighted average of these costs is included in the laboratory costs per pound.
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Testing is expensive, but the lost value of cannabis that fails tests to 
enter the legal retail market is an even bigger issue. It is difficult to 
predict rejection rates with great confidence; the data we present, 
however, is consistent with reports of pesticide detection in California 
food crops and information available from other states. Evidence sug-
gests that major drivers of both direct laboratory costs and lost can-
nabis costs are low or zero tolerance levels set for pesticides (see tables 
2 and 3) and the difficulty of dealing with microbial contamination. 
We have shown that if these low tolerance levels were applied to other 
California food crops, a significant proportion would have failed tests 
in recent years (see table 4). Thus California’s safety standards for can-
nabis are tight compared to other states’ standards and to standards 
for other products within California. We note that there may be safety 
reasons that cannabis is subject to such tight tolerance levels, but they 
are not in the literature and are beyond the scope of this article.
California’s system for testing cannabis has been under pressure 
since the implementation of the state’s testing regime in July 2018 
because of difficulties in supplying the market with product that has 
passed the tests and has been labeled correctly. Some producers, after 
receiving inconsistent test results for contaminant residues from dif-
ferent laboratories, have voluntarily recalled product (Schroyer 2018a; 
Schroyer 2018b). However, California has not yet reported detailed 
data on official test rejection rates.
Costs of testing will be reflected in the price of marketed legal can-
nabis. Thus it is crucial to understand the value that testing creates 
for consumers compared to the costs. Competition between legal can-
nabis and untested illegal cannabis is a major issue in cannabis policy. 
Rules that help ensure safe and high-quality products for consumers 
of legal cannabis can encourage some consumers to shift from the ille-
gal supply chain to the legal, licensed supply chain. Before the passage 
of AUMA in 2016, the low prevalence of testing in California’s essen-
tially unregulated market for medicinal cannabis indicated that many 
consumers entertained a limited willingness to pay for higher safety 
standards. This suggests that at least some consumers may remain 
today in the illegal, low-priced market, even though certified, tested 
products are available in the licensed supply chain. 
Taxes and regulations will make legal cannabis more expensive 
than illegal cannabis. However, safety testing is the basis of product 
differentiation for legal cannabis sold through licensed retailers. In 
some agricultural product industries, growers have urged product 
safety and consistency standards, as well as more stringent testing 
standards, to increase demand (Gray et al. 2005). As the regulated 
cannabis market develops, we expect that increased access to data will 
help clarify the impact on demand of mandatory testing rules. c
P. Valdes-Donoso is Postdoctoral Scholar at the UC Agricultural Issues Center (AIC), 
Davis; D.A. Sumner is AIC Director and Frank H. Buck, Jr. Distinguished Professor in the 
Department of Agricultural and Resource Economics, UC Davis; and R.S. Goldstein is 
AIC Principal Economic Counselor.
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